In an effort to overcome the disadvantages of reciprocating gait orthoses (RGOs) and medial linkage orthoses (MLOs), a new design of MLO was developed. Therefore the aim of this study was comparison effect of a new reciprocating MLO and traditional isocentric RGO on gait parameters and functional independence (orthosis donning and doffing time) in spinal cord injury (SCI) subjects to provide more evidence of its efficacy. Four people with motor incomplete SCI participated in this study. Each participant was fitted with an MLO and isocentric reciprocating gait orthosis (IRGO) to enable a comparison of walking speed, cadence and endurance to be performed. There were no statistically significant differences demonstrated in temporal-spatial parameters between the orthotic walking conditions in this study, but walking with the MLO improved the stride length and speed of walking by 28.57 and 40.9% compared with walking with an IRGO as a control condition. Hip flexion occurred predominantly during single-support phases, with negligible motion during double-support phases. The first and second Subjects had hip kinematic pattern more near normal when they walked with medial linkage reciprocal gait orthosis (MLRGO) in comparison with IRGO. There was significant difference between donning and doffing in two conditions (P = 0.046) but there was not significant difference between two conditions in standing and sitting although these two conditions improved by new MLO. The new MLO provided a quicker and more independent gait compared with IRGO, in addition the new MLO made it easier for subjects to get from sitting to standing and from standing to sitting.
INTRODUCTION
Orthotic gait rehabilitation offers several advantages in the rehabilitation of spinal cord injury (SCI) patients. From the physiological viewpoint, reduction of osteoporosis, constipation, urinary tract infection and cardiovascular deconditioning are all advantages of standing and walking with orthoses in SCI patients.
1,2 From a psychological viewpoint, advantages such as increased self-esteem and communication with people in society through standing and walking cannot be neglected. 3, 4 To provide orthotic gait rehabilitation for SCI patients, the orthoses currently available may be divided into two groups. The first group (known as reciprocating gait orthoses) comprises of several types of mechanical orthoses such as the advanced reciprocating gait orthosis and the isocentric reciprocating gait orthosis (IRGO). The IRGO is effective in improving walking parameters and energy expenditure in SCI subjects. 3 However, they have a bulky structure, and donning and doffing may be problematic for some patients. 4 The second group are termed medial linkage orthoses, which were originally developed in the early 1990s, and include orthoses such as the Walkabout (WO) and Prime walk. The Prime walk orthoses has its axis of rotation close to the anatomical hip joint center of rotation whereas the WO does not. 5 However, the main disadvantage of current medial linkage orthoses (MLOs) is that there is no reciprocating mechanism incorporated in their design, and low walking speeds plus high loading on the upper limbs have been reported. 6 Nevertheless, improved donning and doffing times and their cosmetic appearance have been announced as being advantages of MLOs over RGOs by paraplegic users. 7 To potentially improve cosmesis and gait patterns for paraplegic ambulation via an orthosis, a new design of MLO was developed that combined the attributes of RGOs and MLOs. 6 The new MLO consisted of two gears, which were connected to bilateral knee-ankle-foot orthoses and a saddle, with the addition of a soft lumbosacral orthosis. When one leg is in an un-loaded position during stance phase, the patient rotates the saddleshaped plate of the orthosis via posterior tilting of the pelvis. This rotation is transmitted to the case of the gearbox, turning the gear of the medial linkages backward and that of the swing linkage forward. Thus, the rotation of the saddle in an extension direction can provide hip flexion at the swing leg via the reciprocating mechanism. Design and simulation of this orthosis and its effect on walking in one SCI patient has been reported in previous studies. 6, 8 Therefore the aim of this study was to compare the effect of the new reciprocating MLO and traditional IRGO on gait parameters and functional independence (orthosis donning and doffing time) in a further cohort of SCI subjects.
METHODS Subjects
Four SCI patients participated in this study. Table 1 demonstrates the demographic information of the patients recruited. All patients suffered from incomplete injuries (level B) according to the American Spinal Injury Association (ASIA) score. Subjects were recruited who routinely used an IRGO for ambulation for 46 months, with the ability to stand independently for 90s or more with the orthosis. They were also required to successfully complete an 8-week gait training rehabilitation program using the new MLO before being included in the study. Exclusion criteria consisted of the existence of head injury, previous lower limb or upper limb fractures, pressure sores or any psychiatric co-morbidities. A consent form was signed by the patients or their guardians for agreement to participate in this study. The human ethics committee of the University of social welfare and rehabilitation sciences approved the study before its commencement.
Interventions
Two different orthotic interventions (IRGO and new MLO) were used in this study. All patients were IRGO users (they were trained to walk by RGO for minimum 8 weeks before starting this study) with drop lock joint and dorsiflexion assist ankle joints. A rocker link behind the pelvic section provided reciprocating motion in the IRGO.
A new MLO was designed and fabricated that used a four-bar reciprocating mechanism to create a virtual axis of rotation in a more proximal position than typical hinge-type joints. This new orthosis therefore potentially enables a SCI patient walk at a faster speed and long step length when compared with a mechanical IRGO. The new hip joint with saddle added to a pair of knee-ankle-foot orthoses. A soft lumbo-sacral-orthosis was added for patients with weak muscular support in the trunk. The new MLO is designed to be activated by pelvis motion; unloading one leg and posterior pelvic tilt will propel the leg forward.
The orthoses that were used in this study are shown in Figure 1 . Data gathering procedure 6-Camera Vicon digital motions capture system (Oxford Metrics, Oxford, UK) using a capture frequency of 100 Hz was used to data gathering.
Data capture was performed in a randomized order with subjects wearing the IRGO and the MLRGO randomly in turn. Data were captured at a frequency of 100 Hz. Eighteen reflective markers were sited on the lower extremity and trunk at the jugular notch, spinous process of the seventh cervical vertebrae, left and right acromioclavicular joints, anterior superior iliac spine, greater trochanter, lateral condyle of femur, head and lateral malleolus of fibula, calcaneus and the second metatarsal. Lower extremity markers were placed on the uprights of the orthosis as close as possible to the considered points to minimize offset during the data capturing phase. 9 The patient walked through a 6-m-long calibrated space. For each test condition, the subject walked along the walkway five times and data were averaged. A chronometer was used to record required time for donning and doffing of the orthoses. A self-reported questionnaire was used to evaluate independence. This questionnaire was answered after completion of the gait training and a home trial period by the volunteer subjects ( Table 2 ). 
Statistical analysis
Based on the small sample size in this study (n = 4), the Wilxocson sign-rank test as nonparametric test was used for analyzing the effects and differences in the selected outcome measures between the two orthoses. SPSS for Windows (SPSS Inc; Chicago, IL, USA) was used for data analyzing. The significance level was set at P ⩽ 0.05.in this study. Table 3 shows the mean ± s.d. of temporal-spatial parameters including stride length, walking speed and cadence during the two walking conditions (walking with the IRGO and with the new MLO). There were no statistically significant differences noted in temporal-spatial parameters between the two orthotic walking conditions. However, walking with the MLO improved both stride length and walking speed by 28.57 and 40.9%, respectively, compared with the IRGO (Table 3) .
RESULTS

Temporal-spatial parameters
Sagittal plane kinematics for the hip joints
Sagittal plane kinematics for the hip joints for the two test conditions are shown in Figure 2 . Hip flexion occurred predominantly during single-support phases, with negligible motion during double-support phases. The first and second subjects demonstrated hip kinematic patterns more near normal when they walked with MLO compared with the IRGO.
Functional independence
Donning and doffing times were reduced by 24.04 and 34.48%, respectively, when SCI patients used the MLO compared with the IRGO, but there were no significant differences noted between the two test conditions ( Table 3) .
The results from the questionnaire demonstrated by median levels of assistance required by subjects to perform each cluster of the skills chosen for this study (donning, doffing, standing and sitting) are provided in Figure 3 . There was significant difference between donning and doffing in two conditions (P = 0.046) but there was no significant difference noted between the two conditions in standing and sitting although these were both improved when wearing the MLO.
DISCUSSION
The main aim of this present study was the evaluation of the new MLO on four SCI patients to provide more evidence on effect of using this type of orthosis on walking parameter and independency compared with IRGO. The design and simulation and evaluation of its effect on one SCI patient has previously been reported. 6, 8 From temporal-spatial point of view, using the new MLO produced improved the parameters analyzed when compared with walking with the IRGO. The mean walking speed and step length when walking with the MLO were 0.62 m s 12 Only the HALO produces a similar walking speed as that demonstrated by the MLO in this study. The movable ankle and the system that assists hip flexion may be responsible in providing this speed of walking in the HALO. In this present study, the reciprocating system with the saddle provided this facility during ambulation when the new MLO was used.
The WO has a potential disadvantage in which the mechanical and anatomical hip joints are not sited in congruency. 13 The Prime walk orthosis was subsequently development to reduce this effect. 14 In the Prime walk, the difference between anatomical and orthotic hip joints has been resolved, but this orthosis had no reciprocating mechanism. 15 In this study new type of mechanical orthosis that has a combination of the characters of MLOs and RGOs was used for ambulation by SCI patients.
Previous evidence has shown that an orthosis can only be successful if it is accepted by the patient. Acceptance of orthoses relies not only on its appearance but also on its ability to provide independence when performing the main skills needed for daily living. 7, 16 Donning, doffing, standing and sitting are key functional skills needed by SCI patients when wearing an orthosis. 7 Difficulty in donning and doffing of powered and hybrid orthoses are known as one of the reasons for rejection of these orthoses, so functional independence was evaluated between two kinds of orthoses in this study.
Most SCI patients use orthoses for rehabilitation but some patients also use it for activities of daily living. Some of the most important reasons for rejection are excessive weight and a cumbersome design, and also the time needed during donning and doffing and difficulty in standing and sitting using orthoses. 7, 16 A new generation of medial linkage orthoses could overcome some of these difficulties but none of them have previously incorporated a reciprocating mechanism. 7, 15, 16 This new orthosis has incorporated the advantageous features of both RGOs and MLOs.
The results showed that patients donned the new MLO 24.5% and doffed it 34.5% faster than the IRGO. The new MLO does not have a rigid trunk section, and patients can don and doff it independently while he or she is sitting on a wheelchair, but for donning and doffing of IRGO most of patients prefer to don and doff while they are sleeping so they need someone to help them not only for don and doff but also for standing and sitting. Harvey et al.
7 measured donning and doffing times when comparing a WO orthosis and an IRGO, and reported that it produced a 13.58% decrease in donning and doffing times compared with the IRGO.
The small sample size was the main limitation of this study. Although case studies and case series are a reasonable approach for pilot work, at least five patients would be required to find significant results. Future study in this field with large sample size will be beneficial. In addition the SCI patients had different levels of injury. It would be beneficial to examine the efficacy of the new MLO on a group of SCI patients with similar levels of injury when comparing MLOs with RGOs in a further study of similar design, as well as in a comparison of the new MLO with the WO and Prime walk orthosis.
CONCLUSION
The new MLO had the effect of improving gait efficiency by the sliding mechanism that provides congruency of the orthotic and anatomic hip joint. The advantages of this new mechanism are its sensitivity to pelvic tilt in the posterior direction and its concurrent reciprocating gait mechanism when compared with MLOs and RGOs. In summary, the new MLO provided a quicker and more independent gait compared with an IRGO, and in addition, the new MLO made it easier for subjects to move from sit to stand and vica versa.
